The involvement of neural motor and sensory systems in the processing of language has so far mainly been studied in native (L1) speakers. In an fMRI experiment, we investigated whether non-native (L2) semantic representations are rich enough to allow for activation in motor and somatosensory brain areas. German learners of Dutch and a control group of Dutch native speakers made lexical decisions about visually presented Dutch motor and non-motor verbs. Region-of-interest (ROI) and whole-brain analyses indicated that L2 speakers, like L1 speakers, showed significantly increased activation for simple motor compared to non-motor verbs in motor and somatosensory regions. This effect was not restricted to Dutch-German cognate verbs, but was also present for non-cognate verbs. These results indicate that L2 semantic representations are rich enough for motor-related activations to develop in motor and somatosensory areas.
Introduction
During the last decade, the role of sensory and motor neural systems in the construction of linguistic meaning has received a great deal of attention. It has been postulated that the processing of action-and perception-related language leads to activation of the same brain areas as action and perception themselves. In other words, language is grounded in bodily action and perception, or 'embodied ' (Barsalou, 2008; but see Mahon & Caramazza, 2008) . Most studies on language embodiment have focused on native (L1) speakers. In contrast, non-native (L2) speakers have hardly been investigated in this regard (see below). It has been claimed that L2 semantic representations are less developed than L1 semantic representations (Finkbeiner, Forster, Nicol, & Nakamura, 2004 -for details, see below). When we extrapolate this to the question of language embodiment in L2 speakers, this implies that activation in action-and perception-related brain areas for L2 words may be absent or reduced compared to L1 words.
To our knowledge, the present study is the first functional magnetic resonance imaging (fMRI) study to investigate whether evidence of embodied grounding of language can be found with L2 speakers (but see Buchweitz, Shinkareva, Mason, Mitchell, & Just, 2012 , for some evidence indirectly related to embodied cognition in bilinguals). Our results will extend insights into embodiment effects to a new domain, i.e. L2 processing, and thus also shed more light on how non-native language is processed. For this, we will study both morphologically simple and complex verbs. In the remainder of this paper, the term 'embodiment effects' will be used as a shorthand for the occurrence of activations in actionand/or somatosensory-related brain areas in response to words with a motor-related meaning. With the term embodiment effects, we do not imply any commitment as to the source of these activations, i.e. whether they are a necessary part of semantic representations or a by-product of such representations (i.e. epiphenomenal).
Embodiment effects with morphologically simple words
Motor and/or premotor activations are reported in a variety of fMRI studies on action or motor verbs. Hauk, Johnsrude, and Pulvermüller (2004) investigated neural correlates of passively read face-, arm-and leg-related motor verbs (e.g., lick, pick and kick) and the corresponding actions executed by participants. When comparing motor verbs to baseline, they found somatotopically organized activation of motor and premotor cortex, and partial overlap of these with activations for face, arm and leg actions. These motor-related activations were interpreted as reflecting meaning representations of motor verbs. Somatotopic 
